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Abstract
Objective—To examine the amount of weight women with eating disorders (anorexia nervosa 
(AN), bulimia nervosa (BN), and binge eating disorder (BED)) gained during pregnancy and to 
evaluate the adequacy of total weight gain.
Methods—Data from the Norwegian Mother and Child Cohort Study were used in a cross-
sectional manner, n=35,148. Descriptive statistics and Generalized Estimating Equations to 
calculate the relative risk estimates were employed.
Results—Mean gestational weight gain for the entire sample was 2.5 kg at 17.0–20.1 weeks 
gestation, 9.3 kg at 27.4–29.7 weeks gestation and 15.0 kg at delivery. Women with BN and BED 
gained significantly more weight on average than those with no eating disorders at each time 
point. Women with AN had a lower risk (AOR= 0.65 (0.24, 1.72) of gaining inadequately while 
women with BN and BED were more likely to gain excessively, AOR=1.09 (1.01, 1.18) and 1.11 
(1.08, 1.14) respectively.
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Discussion—The pattern of weight gain identified for each eating disorder subtype may help 
explain the birth outcomes of women with eating disorders.
Pregnancy is a time period of many physiological and metabolic changes which usually 
ensures that a woman gains weight during gestation. How much weight is gained has been 
noted to vary by not only biological factors such as pregravid weight status and amount and 
type of food ingested, but also by cultural norms and psychological factors.1–7 Most women 
have a positive attitude about gaining weight during pregnancy 8,9 but for some, a negative 
weight gain attitude has been associated with inadequate weight gain during pregnancy.10 
By virtue of their illness, women with eating disorders are preoccupied with their weight 
status. The pregnancy state can exacerbate these preoccupations as inevitable changes in 
body shape and weight may intensify the pathognomonic fear of weight gain.11
Both low and high gestational weight gain during pregnancy have been associated with 
several adverse pregnancy outcomes. A recent systematic evidence based review concluded 
that there was strong to moderate evidence for the association between low gestational 
weight gain and low birth weight, small-for-gestational age, and preterm birth, while high 
weight gain was associated with macrosomia, large-for-gestational age, cesarean delivery, 
and postpartum weight retention.12 A few of these same outcomes have been associated with 
women with eating disorders (i.e., cesarean delivery, low birth weight, small for gestational 
age, and preterm birth).13–17
There is a paucity of information on the amount of weight women with various eating 
disorders gain during pregnancy. Clinical practice guidelines focused on women with eating 
disorders suggest that weight gain may be inadequate for women with anorexia nervosa18 
but to date there is no population based study demonstrating the amount of weight gained by 
women with eating disorders compared to women with none. The Avon Longitudinal Study 
of Parents and Children reported on behaviors and attitudes of women with eating 
disorders.19 The authors showed that women with a past history and recent episode of eating 
disorders had higher use of laxatives and self-induced vomiting during the first half of 
pregnancy compared to normal weight non-eating disordered women, and at 32 weeks 
gestation, women with eating disorders were more likely to report dieting for weight loss 
which could influence weight gain; however, no information on weight gain was provided.19
This study sought to examine the amount of weight women with eating disorders, 
specifically anorexia nervosa (AN), bulimia nervosa (BN), eating disorders not otherwise 
specified purging subtype (EDNOS-P), and binge eating disorder (BED) gained during 
pregnancy at various gestational ages and to evaluate the adequacy of total weight gain 
using the 1990 Institute of Medicine (IOM)20 guidelines for weight gain (12–18 kg for 
underweight, 11.3–16 kg for normal weight, 6.8–11.3 kg for overweight, and at least 6.8 kg 
for obese women) compared to women with no eating disorders in a population based study 
conducted in Norway. There is no global recommendation for weight gain during pregnancy 
and in Norway, women are told to gain approximately 10 to 15 kg (22 to 33 lbs) with 
overweight and obese women instructed to gain at the lower end of the range.21 Since the 
IOM guidelines are more specific to pregravid weight status and the definition of eating 
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disorders is dependent on weight status, we felt it was appropriate to use these guidelines in 
evaluating adequacy of weight gain.
Methods
Design
The data collection was conducted as part of the Norwegian Mother and Child Cohort Study 
(MoBa) at the Norwegian Institute of Public Health.22 MoBa is population-based cohort 
study in which pregnant women are recruited to the study by postal invitation after they have 
signed up for the routine ultrasound examination in their local hospital, usually around 18 
weeks gestation. Participants are asked to provide biological samples and to answer 
questionnaires covering a wide range of information; three questionnaires during pregnancy 
(Questionnaire #1–3) and four during the infant’s early childhood (Questionnaire #4–7). The 
cohort database is linked to the Medical Birth Registry of Norway (MBRN) in order to 
obtain information on the course and outcome of the pregnancy.23
The study has been approved by the University of North Carolina, School of Medicine 
Institutional Review Board, the appropriate regional committees for ethics in medical 
research and the Norwegian National Data Inspectorate.
Subjects
This analysis is based on version 3 of the quality-assured data files released in 2007. 
Overall, from 1999–2006, the participation rate in MoBa was approximately 43%. Our 
sample included MoBa participants who: a) had a pregnancy identifier from MoBa 
Questionnaires 1, 3, and 4 and the MBRN, b) had a gestational age between 20 and 44 
weeks, c) had a gestational weight change between −10 and 50 kg for Questionnaires 3 and 
4, d) had weight values between 30 and 300 kg for Questionnaires 3 and 4, e) did not 
complete an early pilot version of Questionnaire 1 (n=2,599), f) had valid pre-pregnancy 
values for self-reported age, weight, and height, g) returned Questionnaire 1 before delivery, 
h) had a singleton live birth, and i) had a non-missing eating disorder subtype and self-
reported age before pregnancy. If a woman enrolled in MoBa more than once (due to 
additional pregnancies), only the first pregnancy was included. Of the initial 74,200 mother-
child records reported in MoBa, 35,148 (47.3%) met the criteria above and were included in 
this analysis.
Definition and Classification of Eating Disorder Groups
Information for the categorization of women into eating disorders subtypes came from 
Questionnaire 1 and included items that were previously used for studies of eating disorders 
in the Norwegian Institute of Public Health Twin Panel 24–27 and were designed in 
accordance with the Diagnostic and Statistical Manual of Mental Disorders, 4th edition 
(DSM-IV).28 Diagnostic algorithms and hierarchies were constructed from the questionnaire 
items to define the presence of eating disorders in the six months prior to pregnancy and/or 
during pregnancy. Our final categories included: broadly defined AN, defined as meeting 
DSM-IV criteria for AN (with the exception of amenorrhea); broadly defined BN, endorsing 
at least weekly frequency of binge eating and either purging (vomiting, laxatives) or non-
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purging (exercise, fasting) compensatory behaviors; EDNOS-P, purging at least weekly in 
the absence of binge eating, and broadly defined BED, at least weekly frequency of binge 
eating in the absence of compensatory behaviors. Questions for binge eating included both 
eating an unusually large amount of food and the feeling of loss of control. Purging was 
assessed specifically to be differentiated from nausea and vomiting of pregnancy. As the 
symptom picture for many women changed in the interval before pregnancy and during 
pregnancy, the order for our diagnostic hierarchy was: AN, BN, EDNOS-P, BED, and no 
eating disorder. All individuals who met AN criteria before pregnancy were categorized as 
AN regardless of presentation during pregnancy. Those who met BN criteria either before or 
during pregnancy and who did not meet AN criteria prior to pregnancy were categorized as 
BN. If not classified as AN or BN, those who met criteria for EDNOS-P before or during 
pregnancy and did not endorse binge eating at either time were categorized as EDNOS-P. 
Similarly, individuals who endorsed BED and did not endorse purging during or before 
pregnancy were included in the BED group. Group assignment was consistent with previous 
reports from this cohort and was only made when all responses were available to ensure 
accurate classification.29
Collection and Classification of Gestational Weight Gain
Women self-reported their pregravid weight and height at Questionnaire 1 and then weight 
during pregnancy at Questionnaire 3 and total weight gained at Questionnaire 4 which were 
administered around the beginning of the third trimester and 6 months postpartum 
respectively. The information from Questionnaire 1 was used to calculate pregravid body 
mass index (BMI, kg/m2). Women were categorized into BMI categories based on the 
World Health Organization (WHO) cut points: BMI <18.5 kg/m2 (underweight); 18.5–24.99 
kg/m2 (normal weight); 25.0–29.99 kg/m2 (overweight); and ≥30 kg/m2 (obese). 30 Weight 
gain during pregnancy was calculated using maternal reported weight before pregnancy 
from Questionnaire 1 subtracted from the weight reported at Questionnaires 3 and 4.
Weight gain ratio, according to pregravid BMI status, was calculated as a ratio of observed 
weight gain over expected weight gain up until the time of completion of the questionnaire 
or the date of delivery for questionnaire 4 using the weight gain recommendations from the 
1990 IOM report as previously described.5,31 The 1990 IOM guidelines were used since 
they were in existence at the time and by combining them with the WHO BMI cut points 
they are similar to the new recommendations with the exception of the range for obese 
women.32 This methodology adjusts for the differences in gestational age at the time the 
weight was self-reported or of delivery. A categorical variable of inadequate, adequate, or 
excessive weight gain was then created with adequacy defined based on predetermined 
ranges specific to prepregnancy BMI weight status groupings.5,31
Covariates included self-reported smoking during pregnancy (coded as a dichotomous 
yes/no variable), household income, education, parity (defined as total number of live 
births), maternal age, gestational diabetes, pregnancy induced hypertension and 
hyperemesis. With the exception of maternal age, gestational diabetes, pregnancy induced 
hypertension and hyperemesis which were from the MBRN all other covariates originated 
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from the first MoBa maternal questionnaire. Detailed descriptions on how the information 
on the covariates was obtained can be found in previous publications. 22, 23
Statistical Analysis
Data from the MoBa cohort for these analyses are used in a cross-sectional manner. Analysis 
included generation of study sample descriptive statistics; means, standard errors and 
frequencies were calculated for the entire sample and by eating disorder categories. For the 
analysis involving weight gain at time of Questionnaire 1 and 3, we limited the data to 
women who had an observation in the inter-quartile range of gestational age. For 
Questionnaire 1 this pertained to 17.0 to 20.1 weeks’ gestation and for Questionnaire 3, 27.4 
to 29.7 weeks’ gestation. Lastly, for Questionnaire 4 which asked the women to report the 
total amount of weight gained during the pregnancy, we included values for gestational age 
greater than or equal to 33 weeks at birth. Statistical tests of weight gain differences, at each 
gestational time point for the eating disordered women (BN and BED) versus the no eating 
disorder group, were done using an analysis of covariance. The model included weight at the 
time point of interest as the response variable and pre-pregnancy BMI and eating disorder 
groups as covariates.33 We did not perform testing for the AN or EDNOS-P groups because 
of their small sample size (ranging from 15 to 30 women). We then created models for total 
weight gain using Poisson regression and Generalized Estimating Equations with robust 
variance estimation to calculate the relative risk of gaining inadequate and excessive 
separately, compared to non-eating disordered women who gained adequately. Confounders 
considered in the models included pre-pregnancy BMI, maternal age at delivery, education, 
income, pregnancy induced hypertension, and gestational diabetes. We adjusted for 
confounding using the 10% criteria for a change in the estimate. If a confounder was found 
to change the estimate for any of the eating disorder variables by 10 percent or more then it 
was retained for the final model. Data analysis was done using SAS/STAT® software for 
Windows and AIX (Version 9. Cary, NC: SAS Institute, Inc 2004).
Results
The sample represented in this analysis (n=35,148 ) includes pregnant women with a mean 
age of 30 years (SE= 0.024) at the time of delivery, 50.6% were primiparous, 50.1% 
reported being married, 95.3% spoke Norwegian as their native language, 56.9 % had a 
combined minimum income of EUR $21–52,500 for the mother and father (if present) and 
8.2% <EUR $21,000, and 37.7% had less than or equal to a high school education, 42.4% 
13–16 years of education, and 19.9% >16 years of education. Eighty-five percent reported 
being employed in the private or public sectors, 6% reported being at home, and 9% 
indicated “other” for their employment status. Using the WHO guidelines to define 
pregravid weight status, 3.0% of the women were classified as underweight, 65.3% as 
normal, 22.3% as overweight, and 9.4% as obese. Almost half of the women reported any 
lifetime smoking, with 9.4% reporting smoking during pregnancy. Ninety-four percent of 
the women were classified as having no eating disorders either prior to or during pregnancy, 
while 0.1%, 0.8%, 0.1%, and 5.1% were classified as having AN, BN, EDNOS-P, and BED 
respectively.
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Compared to women who gave birth in Norway during this same time period,34 we find that 
our sample of 35,148 has a higher percent of women age >34 (21.8% vs 16.3%), more 
primparous (49.6% vs 40.9%), smaller percent of preterm deliveries (5.2% vs 7.5%), smaller 
percent of LBW (3.1% vs 5.1) and a higher mean birthweight (3603 vs 3528 gms).
Mean gestational weight gain at the time of Questionnaire 1, 3 and at delivery for the entire 
sample and by eating disorder group is shown in Table 1. Mean gestational weight gain for 
the entire sample was 2.5 kg at 17.0–20.1 weeks’ gestation, 9.3 kg at 27.4–29.7 weeks’ 
gestation and 15.0 kg at delivery. Women with BN and BED gained significantly more 
weight on average than those with no eating disorders at each time point. While it appears 
that AN women gain the most we were not able to test for significance due to the small 
sample size.
Results for adequacy of total weight gain by eating disorder group showed that in the no 
eating disorder referent group, 24.0% of the women gained inadequately, a quarter gained 
adequately, and the remaining 50.3% gained excessively. For women with AN, 21.9% 
gained inadequately, while 28.1% gained adequately, and 50% gained excessively. Among 
women classified as BN, 20.0 % gained inadequately, 20.4 % adequately, and 59.7% 
excessively. For women with EDNOS-P, 19.4% gained inadequately, 25.8 % gained 
adequately, and slightly more than half of the women gained excessively. For women with 
BED, 17.6% gained inadequately, 17.1 % adequately, and a 65.3 % gained excessively.
Table 2 presents the results of our modeling for the effect of eating disorders on adequacy of 
weight gain. Two models were built independently, one for inadequate compared to 
adequate and the other for excessive compared to adequate. In both models women with no 
eating disorders were the referent category. Women with AN had a 35% lower risk of 
gaining inadequately during pregnancy controlling for pre-pregnancy BMI; however, given 
the sparse number of women with this eating disorder, the confidence intervals are wide and 
included the null. A similar pattern was seen for women the EDNOS-P; while there 
appeared to be no association with inadequate weight gain for women with BN and BED. In 
contrast, women with BN and BED were 9% and 11%, respectively, more likely to gain 
excessively compared to women with no eating disorders controlling for pre-pregnancy BMI 
and maternal income.
Discussion
In this population based sample from Norway, women with eating disorders gained on 
average more weight than those with no eating disorders with significant differences 
existing for BN and BED women relative to women without eating disorders. When 
evaluating adequacy of weight gain, women with BN and BED were at a greater risk of 
gaining excessively compared to those with no eating disorders. In contrast to what was 
expected, women with AN were less likely to gain inadequately although this finding was 
not statistically significant. Overall, the proportion of women gaining adequately among 
those with no eating disorder was lower than that seen in the US published literature (25% 
vs 33%) while the proportion gaining excessively (49.2%) was similar in this Norwegian 
cohort.12,35
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It is important to note that women with AN started at a lower pre-pregnancy weight and 
therefore are expected to gain more weight during pregnancy. Thus, the fact that they had a 
high percentage of excessive weight gain and the trend of a lower risk of inadequate weight 
gain relative to the referent may be appropriate and protective. In a previous analysis we did 
not find an effect of AN on birth outcomes adjusting for several factors including pre-
pregnancy BMI and gestational weight gain.29 This lack of an effect may also be explained 
by the inclusion of individuals with less severe AN in this population.
On the other hand, women with BED started pregnancy at a higher pre-pregnancy weight 
compared to non-eating disordered women and they were at greater risk of gaining 
excessively. These two risk factors puts them at higher risk of having a cesarean delivery 
and a large for gestational age infant as well as a lower risk of having a small for gestational 
age infant as previously shown. 29 In contrast women with BN had a pre-pregnancy BMI 
similar to that of non eating disordered women but they gained more weight and had a small 
increased risk of gaining excessively. This higher weight gain by women with BED and BN 
may be the result of their eating pathology; we have previously shown that binge eating 
persists in many women with BED and BN during pregnancy 36 and, that they had higher 
intakes of total energy and higher total mono-saturated and saturated fat than women 
without eating disorders.37 Other pregnancy cohort studies not related to eating disorders 
have also shown higher weight gains being associated with higher energy density in the 
diet 5, higher total calories as well as milk and sugar intake. 6 In addition, normal, 
overweight and obese women who can be characterized as restrained eaters prior to 
becoming pregnant have also been shown to gain more weight during pregnancy than those 
who are not characterized as such.38
The findings of this study must be taken into account within the context of its strengths and 
limitations. First, our diagnostic questions and questions about weight gain during 
pregnancy and pre-pregnancy BMI were based on maternal self-report. Although we used 
questions that reflected DSM-IV criteria, direct interviews may have yielded richer 
diagnostic information. In addition, while self-reported weights have been shown to be 
reliable, there is a tendency for overweight and obese women to underestimate their 
weights 39–41 and inaccurate estimation may be even more problematic among women with 
eating disorders.42 This underestimation if operative both for pregravid weight and weight at 
each survey time including that associated with delivery, would not have resulted in the 
overestimation of total weight gain. It would have only biased the results if women under-
reported their pregravid weight but then over-estimated the weight at each survey or at the 
end of pregnancy. We do not have information to sort out if this bias existed. Second, we 
employed frequency criteria for binge eating and purging which differ from current DSM-IV 
criteria; however, the established criteria have not been empirically supported and continue 
to be questioned.43 Third, 43% of women invited agreed to participate in MoBa and 
although this response rate is low, it is typical for large epidemiologic studies and recent 
analysis has shown that while prevalence estimates of exposures and outcomes may be 
biased, estimates of exposure-outcome associations are not. 34 Moreover, given the 
considerable effort required to participate in the various waves of the MoBa protocol, the 
women with eating disorders who participate may represent the healthier end of the eating 
disorder severity spectrum. An alternative explanation could also be, that those women with 
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eating disorders, who have live births, and choose to participate in MoBa may be 
particularly motivated to adequately nourish their unborn child contributing to excess weight 
gain in bulimia nervosa and binge eating disorder and adequate weight gain in anorexia 
nervosa.
Nevertheless, there are many strengths of this study including the prospective and 
longitudinal study design which collected information on many potential confounders; the 
large sample size that is needed to study rare diseases such as eating disorders; the ability to 
link with the Norwegian Birth Registry data, and lastly the high retention rate of mothers 
across waves of assessment (85%) that yields low drop-out rates for the cohort and reduces 
potential sources of participant bias.
In summary, in the Norwegian Mother and Child Cohort, women with BN and BED gained 
more weight during pregnancy than non-eating disordered women and this weight gain is 
excessive when using the IOM guidelines to define adequacy of weight gain which may 
explain their increased risk of having adverse birth outcomes such as cesarean deliveries and 
large-for-gestational age infants. Women with AN tended to gain more weight as would be 
expected given their lower pre-pregnancy weight, and this adequate gain appears to be 
protective against adverse birth outcomes.
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